Reaction conditions. Ten ml reaction mixture containing 30 pM of PAH and 30 pM octadecane, as internal standard, in 20% acetonitrile in 60 mM phosphate buffer (pH 6.1), were treated with hemoglobin and hydrogen peroxide. Three additions of 40 nmol of hemoglobin and 100 pmol of hydrogen peroxide were made at 1-h intervals to ensure nearly all of the aromatic compounds reacted. The reaction mixtures were acidified and extracted five times with 2 ml of methylene chloride. The extracts were combined, dried over Na2SO4, and concentrated under N2 prior to analysis by gas chromatography-mass spectrometry (GC-MS). All the reactions were carried out by triplicate and controls without hemoglobin or hydrogen peroxide were conducted.
Kinetic data were obtained using pyrene as substrate and following the reaction spectrophotometrically (4). First, to 1 ml reaction mixture, containing 60 pM pyrene and 4 pM hemoglobin in 20% acetonitrile-phosphate buffer, different amounts of hydrogen peroxide (1-10 mM) were added to start the reaction. Second, to the reaction mixture, containing 10 mM of hydrogen peroxide and 4 pM hemoglobin in 20% acetonitrilephosphate buffer, from 5 to 60 pM pyrene were added to start the reaction. The reaction progress was monitored at 335 nm and the pyrene oxidation was determined by measuring the decrease in absorbance (extinction coefficient of 32,600 M-'cm-1) (4).
The inactivation rates were determined in the same system. Hemoglobin was incubated in the presence of different concentrations of hydrogen peroxide, and the reaction was then started by adding pyrene diluted in acetonitrile. The inactivation constant was determined from a first-order equation (At = Ao e-kt). Reaction products were analyzed on GC-MS showing in all the case a single product. The mass spectra obtained (Table 2) Hemoglobin is able to generate free radicals in presence of hydroperoxides (13 -15) . Because the chemical nature of the products, it seems that the hemoglobin reacts with the aromatic compounds by the same mechanism that the lignin peroxidase and cytochrome c (4, 5). Pyrene, anthracene and dibenzotiophene products from hemoglobin oxidation are the same that those found with these proteins. The product from the carbazole oxidation could not be identified. However, this product could be a polymer, such as in carbazole oxidation by lignin peroxidase (16). Kinetic data was obtained using pyrene and hydrogen peroxide as substrates (Table 3 ). The value of kcat for hemoglobin (0.1 s-1 ) is significantly lower than those previously reported for lignin peroxidase, 2.6 s-1 (4) and close to these obtained from horse heart cytochrome, 0.13 s-1 . The activation energy, calculated from the slope of the Arrhenius plot, was 5.13 Kcal mol-1. The activation energy of hemoglobin is in the same range as that of enzymes containing heme groups (17) .
In addition to activity, stability of a protein is an important parameter in a biotechnological process. Even if the activity is low, it could be compensated by good stability. In addition, stability reduces the operation costs in a biotechnological process. Inactivation by the presence of hydrogen peroxide showed a first-order behaviour. The inactivation constant, kin, was 0.26 min-1 at 2.5 mM hydrogen peroxide and remained unchanged when the hydrogen concentration increases until 10 mM. In contrast, yeast cytochrome c showed a kin of 0.16 min-1 but a strong dependence to the hydrogen peroxide concentration. Thus, hemoglobin is less sensitive to the increase of concentration of hydrogen peroxide than cytochrome c.
Enzymatic catalysis in organic solvent is an emerging technology that is suited to modification of hydrophobic substrates such as PAH's. Enzymatic and non enzymatic hemoproteins have been proposed as biocatalyst for non aqueous systems (4, 17, (18) (19) (20) (21) (22) .
Effect of organic solvent concentration on the biocatalytic oxidation of pyrene was tested ( Figure 1) . From 10% to 20% (v/v) there was an increase of the activity, probably due to a decrease of the mass transfer limitation of the hydrophobic substrate. Then, an activity decrease was detected when the organic solvent concentration increased, upto 50% acetonitrile where no hemoglobin activity could be found. The 050 concentration, that is defined as the specific solvent concentration at which half-inactivation occurs, was 27.5%
acetonitrile.
In conclusion, hemoglobin was able to catalyze oxidations of aromatic compounds, including some polycyclic aromatic hydrocarbons. Fluorene, which could not be oxidized 
